Objective: To identify and estimate the population impact of primary care service delivery factors that independently predict non-attendance for cervical screening.
. . . . . . . . . . . . . . . A round 2500 incident cases of invasive cervical cancer occur in England per year, 1 causing almost a thousand deaths annually, 2 most of which are potentially avoidable through the detection and treatment of pre-cancerous cell changes. Comprehensive population coverage for the NHS Cervical Screening Programme (CSP) has proved difficult to achieve, however, despite the implementation of a national computerised call / recall system in 1988. Between 1989 and 1995 national coverage increased from 44% to 82% and has remained at around this level since. 3 Considerable variation has continued to exist at district level, and now at Primary Care Trust (PCT) level, with Manchester being one of the few former health authorities in England that consistently failed to achieve the CSP coverage target of 80%. 4 Population factors such as South Asian ethnicity, [5] [6] [7] [8] socio-economic status 9,10 and transience 11 have been studied as possible causes of low uptake. Indeed, the districts -and the majority of the 78 of 304 PCTs -with low coverage lie within large metropolitan urban centres and have highly deprived, transient and ethnically mixed populations.
Primary care service delivery factors have also been investigated, although less extensively, and there is a lack of strong population-based evidence regarding predictors of nonattendance that are relevant to the planning of primary care services. To date there have been only two such studies published, conducted in Glasgow 12 and South London. 13 The main aim of our study was to identify primary care service delivery factors that independently predict non-attendance for screening. Variables reflecting the structure and workload of general practices and the demographic characteristics of individual general practitioners (GPs) were of primary interest. We also aimed to estimate the population impact of these independent predictors on screening coverage rates at district-level.
PATIENTS & METHODS

Description of the study data set
In February 2001, the screening history records of all eligible women aged 30-64 years were extracted from the Manchester Health Authority Exeter ™ system (National Health Applications & Infrastructure Services, Birmingham, UK), thereby creating a cross sectional study data set (n=72,613). The standard CSP ineligibility criterion, a history of hysterectomy, was applied. The screening status of each woman was coded using the following mutually exclusive categories:
1. Screened during the last 5 years (n=52,763); 2. Not screened during the last 5 years (n=10,293) 3. Last smear result within last 5 years 'inadequate' (n=1780) 4. No history of attendance for NHS screening services (n=7777).
'Inadequate' smears were coded as such by clinical staff at the general practices. The following variables were also extracted: age, patient's full name, GP code, practice code, postcode, and place-of-birth.
Ethical approval for using the individual patient named data was granted by the three Manchester Local Research Ethics Committees. Both eligible women and GPs were binary coded for South Asian ethnicity using the Nam Pehchan computer program (Bradford City Council and Bradford Health Authority, Bradford, UK), 14 with additional refinement using women's place-of-birth data to reduce the number of false positives. 8, 15 The primary care service delivery variables listed in Table 1 were obtained from the Health Authority and from the National Database of Primary Care Trusts, which is held at the University of Manchester. These items were linked to the study data set via practice and GP codes. Socio-demographic variables at enumeration district level were obtained from the 1991 Census by download from the Census Dissemination Unit (which is also based at the University of Manchester) and linkage to the study data set using postcode to enumeration district code matching. These variables were selected as measures of population deprivation and transience, including the Townsend index, which is a commonly used composite measure of material deprivation. 16 All the explanatory variables that were examined (i.e. those listed in Tables 1 and 2) were totally complete and without missing data for all eligible women in the data set.
Statistical analyses
Analyses were performed using Stata statistical software (StataCorp LP, College Station TX, USA). 17 Logistic regression models were created at the level of individual eligible women, with screening status recoded as a binary variable (Never attended [n=7777] versus Ever attended [n=64,836]) to indicate failure to ever take up NHS screening services. This was selected as the outcome variable, as the absence of a screening history is the most important risk factor for developing invasive cervical cancer. 18 The data were of a multilevel nature according to four levels: individual women (n=72,613), general practitioners (n=260), general practices (n=106), and enumeration district (n=964). In order to account for multilevel clustering effects a survey estimator was applied, with general practice assigned as the primary sampling unit in order to generate appropriate variance estimates for the primary care (GP-and practice-level) explanatory variables. 19 All the explanatory variables were categorical. In order to create meaningful measures of general practice structure and workload, variables were derived that would reflect the same contrast when used as a single predictor and when used in combination with others in multivariate analyses. Binary variables were generated for place-of-birth (Overseas, including Ireland, versus Great Britain) and ethnicity (South Asian versus Other). The area-level socio-demographic variables were divided into quartiles for the Health Authority population, with the least deprived or least transient quartile assigned as the reference category.
Univariate models were initially generated. Multivariate models were then created to enable comprehensive adjustment for area-level socio-demography as well as mutual adjustment for other primary care service delivery factors. We assessed evidence for interaction effects between the primary care factors and the characteristics of the individual women, by fitting product terms and testing the significance of these using Wald tests. Finally, the adjusted population attributable fraction (PAF) estimates were generated from the multivariate model parameters using a Stata procedure (AFLOGIT) to enable assessment of the population impact of the independent predictors of uptake. 20, 21 
RESULTS
Univariate analyses
The results presented in Table 1 show the univariate models for associations between primary care service delivery factors and the non-attendance outcome measure. Overall, almost 11% of the eligible women had never attended for screening. Several factors were significantly associated with failure to take up services. These were large practice workload, practice single-handed status, percentage of GPs per practice who were males aged ≥50 years, and male GPs of South Asian origin. Among women in the exposed categories of each of these variables, around 14% had never attended.
The univariate models for the individual-level and arealevel factors are presented in Table 2 . All three area-level variables (Townsend index, percentage of households occupied by single persons, and percentage of population that moved in the last year) were significantly associated with poor outcome. Most notably the non-attendance rate in the most transient areas (15.3%) was twice the rate in the least transient (7.6%). Individual women aged over 60 years, and those of South Asian ethnicity, were also more likely to have no history of attendance. However, a woman's birthplace overseas was by far the strongest predictor of failure to take up services: 27.5% of these women were recorded as never having attended, compared to 8.4% of those born in Great Britain, with the odds ratio exceeding four.
Multivariate analyses
The independent predictors of non-attendance are presented in Table 3 . These were larger practice size (>4000 patients), single-handed practice, South Asian male GP, part-time GP employment status, older age and birthplace overseas, and the three area-level deprivation/transience variables. The relative risks were generally modest, with most of the adjusted odds ratios lying between 1.0 and 1.5. At univariate level there was no evidence of an association between practice list size and non-attendance, but larger list size became an independent predictor of poor outcome with covariate adjustment, suggesting negative confounding by other primary care factors or by area-level factors. Women's birthplace overseas was by far the strongest independent predictor of failure to take up services (with an adjusted odds ratio of almost four) whereas South Asian ethnicity lost significance in the final model.
Population Attributable Fraction estimates
Although modest relative risks were indicated for the independent predictors of non-attendance (except for women's birthplace overseas), the population impact of these factors was considerable. The adjusted PAF for larger practice size (>4000 patients) was 25.1%, and that for single-handed practice was 6.4%, so that the combined estimate of population impact for these two measures of practice structure was almost a third. The estimates pooled across data levels were high (combined impact of the factors reflecting primary care service delivery: PAF=40%; combined impact of all variables across all levels of data: PAF=71%). Thus if all the eligible women shared the same characteristics as those in the reference categories of each independent predictor in the model, there would be an estimated 71% decrease in the number of women who had never attended for screening in the Health Authority's population.
Interaction between primary care and individual-level factors
Interaction terms were fitted between the primary care factors that independently predicted poor outcome and the individual-level variables listed in Table 2 . Two strong interaction effects that reached significance, with and without covariate adjustment, are presented in Table 4 . Unadjusted and adjusted odds ratios for the individual-level variable, stratified by the primary care factors, are given. These effects enable identification of groups of women that are especially unlikely to attend for screening, such as women born overseas who are also registered at the largest practices (8000+ patients). Over a third (34%) of these women had never attended, compared with 23% of women born overseas and registered at smaller practices (<4000 patients). The interaction effect between South Asian ethnicity at individuallevel and GP-level indicates that non-attendance is lower among South Asians than other women for those registered with female South Asian GPs; less than 10% of South Asian women registered with a South Asian female GP had no history of attendance. Conversely, rates of failure to attend for screening were high for South Asian women registered with a non-South Asian female GP (16%) or with a male South Asian GP (18%). The never attended rate in South Asian women registered with a non-South Asian male GP (14%) was similar to the average for all South Asian women. The Wald tests performed following covariate adjustment for practice-level and area-level variables indicate that the independent predictors of poor outcome failed to explain these interaction effects. These multivariate results suggest that the observed interaction effects do not merely reflect geographical differences in health behaviour.
DISCUSSION
Summary of main findings
Several factors that reflect primary care service delivery were found to independently predict poor outcome. These were larger practice size (>4000 patients), single-handed practice, male South Asian GP, and GP part-time employment status. Modest relative risks were indicated for these predictors but their combined population impact was considerable. However, the strongest predictor in the multivariate model, measured either as a relative risk or as an 
Strengths & limitations of the study
This was a truly population-based study of all eligible registered women aged 30-64 years resident in the catchment area, so that biases such as selection, ascertainment, reporting and non-response were excluded. In contrast, in the study conducted by Ibbotson et al. 12 in Glasgow only 47% of all practices in the Health Board area participated and only 44% provided complete data. The external validity of our study is also likely to be high provided that the findings are generalised appropriately to a target population of deprived, diverse, and transient urban areas and, as previously mentioned, a mix of these characteristics is usually found in areas of low coverage. The analytical approach used was novel for the study of this topic in enabling assessment of the population impact of the explanatory variables. However, the PAF estimates assume causality, which is questionable in a cross-sectional study of this type. Denominator bias due to practice list size inflation was a further limitation, as a direct measure of this was unavailable for individual practices. Also, selection of explanatory variables was essentially based on availability rather than on a priori theory. For example, variables measuring GP characteristics and workload were created, but there were none that related to nursing staff levels. This represents an important omission, given the increasingly active role played by practice nurses in health promotion, preventive health and screening. 22 Nevertheless, a more extensive list of explanatory variables was investigated compared with previous studies.
Comparison with existing literature
Differences in results between the previously published studies 12, 13 and this study could occur for several reasons. Firstly, the other studies were conducted at a time when national coverage was markedly lower, and the predictors of non-attendance may have changed considerably over time. Secondly, in the other studies the regression models were fitted at practice-level and were therefore purely ecological in nature. Our models were more sophisticated as they were created at individual-level, thereby enabling comprehensive adjustment for multilevel confounding effects and elucidation of primary care factors at both GP and practice-level.
In the Glasgow 12 and South London 13 studies, larger practice size (according to number of GP partners per practice) was found to predict a good outcome, although this was not independent of covariate adjustment in the London study. In our study, larger practices (according to patient list size) independently predicted non-attendance, with patient list size used in preference to number of GPs as initial analyses indicated this to be the stronger predictor. Ibbotson et al. argued that larger practices are able to divert proportionally greater resources to activities such as audit and administration, and can therefore develop more efficient recall systems. 12 Alternatively, our contrary finding could be explained by additional logistical difficulties experienced by large practices, especially those located in inner city areas with highly transient and deprived populations. These differences in results suggest that generalising the effect of practice size may be problematic and that the effect may vary according to locality.
In agreement with the two other studies, our results indicated that single-handed status predicted non-attendance for services. However, that part-time GP employment status and male South Asian GP status predicted poor outcome are novel findings. Residual confounding due to unmeasured covariates could plausibly explain the latter finding, as the study data indicate that male South Asian GPs (especially those operating on a single-handed basis) are located in the most deprived, transient and ethnically diverse areas of the district. Our results also indicate a number of subgroups of women that are least likely to have ever attended for screening, such as those born overseas and registered at large inner city practices, and South Asian women not registered with South Asian female GPs.
Implications for future research & service development
This study has helped to elucidate some of the factors that create inequity within the CSP. Hard-to-reach subgroups should be targeted and encouraged to attend for screening for the first time as one cervical smear persists as the most effective intervention in preventing cervical cancer. As recently recommended by the CSP, however, there is also a need to better integrate the notion of access with social conditions and the perspectives of users and services. 23 Thus it may be necessary to undertake qualitative investigations to find out why these women have not attended previously prior to implementing targeted interventions. Further research concerning the role and impact of practice nurses is also indicated.
Several primary care factors were found to independently predict non-attendance for cervical screening and, although relative risks for these were modest, their population impact was considerable. Around a third of all women living in inner city areas with no history of using cervical screening services may be attributable to the presence of practices with either large patient lists or single-handed practitioners. This finding has important implications for the planning of services at PCT level, indicating that these practices may need to be targeted to achieve best practice standards. These findings are also timely as, through the introduction of the new General Medical Services contract, some GPs are planning to opt out of providing cervical screening services. This provides PCTs with an opportunity to consider how they can create service models that provide highly effective and efficient screening, whilst ensuring that the principles of accessibility, cultural appropriateness, equity and informed consent remain at the core of service provision.
